Introduction {#S0001}
============

India is the second most populous country in the world, with nearly 1.4 billion people, accounting for approximately 18% of the world population.^[1](#CIT0001)^ It has been estimated that up to 63 million people in India are pushed into poverty by health expenses each year.^[2](#CIT0002)^ Further, while 15% of households faced significant health costs in 2004--2005, this rose to 18% in 2011--2012.^[3](#CIT0003),[4](#CIT0004)^ Although the burden of communicable, maternal, neonatal, and nutritional (CMNN) diseases is declining in India, they still accounted for approximately one third of disability adjusted life years and around one quarter of deaths in 2016.^[5](#CIT0005)^ Even though the burden of CMNN diseases was considerably higher among children than adults, among those aged ≥15 years (representing approximately 72% of India's population in 2017^[6](#CIT0006)^), CMNN diseases still accounted for 14--30% of disability adjusted life years and 17--29% of deaths (depending on age group).^[5](#CIT0005),[7](#CIT0007)^

The discovery of antibiotics in the early twentieth century and the eradication of smallpox in 1979 via vaccination were major breakthroughs in the fight against infectious diseases.^[8](#CIT0008)^ However, despite the huge beneficial impact of antibiotics, antibiotic resistance has become one of the greatest threats to global health.^[9](#CIT0009)^ Further, the risk of infection has increased greatly with mutation, globalization, and increased travel.^[8](#CIT0008),[10](#CIT0010)^ Therefore, infectious diseases continue to be a major worldwide public health problem^[8](#CIT0008),[11](#CIT0011)^ and vaccine-preventable diseases (VPDs) affect many thousands of adults worldwide, resulting in high morbidity, mortality, and economic burden.^[12](#CIT0012)^ Furthermore, unvaccinated adults can spread diseases to infants who have not yet been immunized (e.g. pertussis).^[13](#CIT0013),[14](#CIT0014)^ Therefore, improving adult vaccination coverage could have positive consequences for individuals, families, and communities. Adult vaccination could also help to reduce healthcare costs,^[12](#CIT0012)^ which is particularly important among poorer communities.

Various commentaries have highlighted the lack of adult immunization in India^[15](#CIT0015)^ and the importance of improving coverage.^[10](#CIT0010),[15](#CIT0015),[16](#CIT0016)^ In this focused narrative review, we combine and expand upon the information contained in these commentaries in order to create awareness about the importance of adult immunization as an integral component of "life-course immunization". To achieve this, we sought to: (1) highlight the burden of VPDs -- overall and among adults -- in India; (2) summarize the various Indian adult vaccination recommendations; (3) discuss the reasons for adult VPDs (e.g. lack of adult immunization, waning immunity, immunosenescence, and epidemiological shift); and (4) propose solutions or steps to be taken for the implementation of adult immunization in view of various barriers and challenges (e.g. lack of a coordinated immunization program, lack of knowledge, and vaccine hesitancy). [Figure 1](#F0001) elaborates on the clinical relevance of our findings in a form that could be shared with individuals by healthcare professionals.10.1080/21645515.2019.1682842-F0001Figure 1.Plain language summary.

Overall burden of VPDs in India {#S0002}
===============================

The World Health Organization (WHO) has published the number of reported cases of selected VPDs in India and other countries.^[17](#CIT0017)^ While these are acknowledged to "represent only a fraction of cases", they show some interesting trends, both over time and compared to other countries. As shown in [Table 1](#T0001),^1,[17](#CIT0017),[18](#CIT0018)^ the numbers of reported cases of most -- though not all -- VPDs fell dramatically over time in India,^[17](#CIT0017)^ likely due to the successful introduction of childhood immunization. However, India had a disproportionately high share of the globally reported cases of diphtheria (60%), Japanese encephalitis (44%), and tetanus (40%) in 2017, given that it is home to around 18% of the world's population ([Table 1](#T0001)).^[1](#CIT0001),[17](#CIT0017)^ Per million population, the prevalences of diphtheria, Japanese encephalitis, and tetanus in India were 2.2--3.4-fold that of the world as a whole; while prevalences of the other VPDs were similar or less ([Table 1](#T0001)).^[1](#CIT0001),[17](#CIT0017)^ Unfortunately, the WHO VPD data^[17](#CIT0017)^ are not broken down by age group, so it is unclear what proportions of VPD cases are in children and adults.10.1080/21645515.2019.1682842-T0001Table 1.Reported cases of selected VPDs.^[17](#CIT0017)^ India Cases per million population^b^ (2017)Vaccine coverage by dose in children (India)VPDEarliest (year)2017 (% of world cases)^a^Highest among other countries (2017)IndiaHighest among other countriesWorld^c^NFHS (2015--2016)^[18](#CIT0018)^WHO (2017)^[17](#CIT0017)^Polio18,975 (1980)0 (0%)74 (Syrian Arab Republic)04.05 (Syrian Arab Republic)0.01Birth dose: 79%; doses 1--3: 91%, 86%, 73%Dose 3: 89%Diphtheria39,231 (1980)5,293 (60%)954 (Indonesia)3.9524.8 (Nepal)1.17Doses 1--3: 90%, 86%, 78%Pregnancy TT: 82%; doses 1, 3, 4: 92%, 89%, 81%Neonatal tetanus11,849 (1988)295 (13%)478 (Pakistan)0.2222.5 (Central African Republic)0.30Total tetanus45,948 (1980)4,946 (40%)1,057 (Philippines)3.6930.0 (Nepal)1.65Pertussis320,109 (1980)23,766 (17%)16,183 (Germany)17.71,031 (Switzerland)19.1Measles114,036 (1980)12,032 (7%)45,107 (Democratic Republic of the Congo)8.981,563 (Somalia)23.0Dose 1: 81%Doses 1, 2: 90%, 80%Rubella1,232 (2012)2,748 (17%)2,111 (Philippines)2.0581.5 (Eritrea)2.17NRDose 1: 65%CRS25 (2016)76 (9%)532 (Indonesia)0.062.02 (Indonesia)0.11JE4,017 (2007)2,043 (44%)1,147 (China)1.538.28 (Myanmar)0.62NRDose 1: 88%[^1][^2][^3][^4]

According to India's National Centre for Disease Control (NCDC), there were nearly 39,000 cases of H1N1 seasonal influenza in India in 2017, resulting in 2,270 deaths (ages not specified).^[19](#CIT0019)^ Further, based on the NCDC's Integrated Disease Surveillance Programme for epidemic-prone diseases, 990--2,679 outbreaks (ages not specified) were reported each year during 2010 to 2017.^[20](#CIT0020)^ During 1st January to 4th February 2018, 133 outbreaks had already been reported, most commonly measles (28%), varicella (23%), food poisoning (14%), and acute diarrheal disease (12%).^[20](#CIT0020)^

Burden of VPDs among adults in India {#S0003}
====================================

There is a paucity of data on the incidence of VPDs among adults in India. However, some data on human papillomavirus (HPV) infection and cervical cancer are available. For example, random HPV testing of 890 women from India in 2009--2012 found that 12% were HPV positive and 4% were borderline positive.^[21](#CIT0021)^ It has been estimated that nearly 97,000 women in India are diagnosed with cervical cancer and over 60,000 die from this disease each year, making it the second most common cancer and the second leading cause of cancer death in India.^[22](#CIT0022)^

Further, data from the US Centers for Disease Control and Prevention (CDC) have indicated that, in countries with a last diphtheria booster before age 6 years, approximately half of all diphtheria cases are among those aged ≥15 years, and this was dominated by cases from India.^[23](#CIT0023)^ There are also numerous reports of VPD outbreaks in India that have affected predominantly adults, some examples of which are listed in [Table 2](#T0002).^[24](#CIT0024)-[35](#CIT0035)^10.1080/21645515.2019.1682842-T0002Table 2.A selection of studies reporting outbreaks that predominantly affected adults in India.AuthorPeriodVPDSettingState/Union territoryAdults/totalNair et al.^[24](#CIT0024)^Apr 2005 to Mar 2006Meningococcal diseaseTertiary care hospitalDelhi34^a^/55Patel et al.^[25](#CIT0025)^Feb to Aug 2009Hepatitis BTownGujarat550^b^/664Biswas et al.^[26](#CIT0026)^Jul to Aug 2010Influenza A(H1N1)CityWest Bengal104^a^/129Peter et al.^[27](#CIT0027)^Jun to Jul 2011Influenza A(H3N2)DistrictKerala54^a^/96Gurav et al.^[28](#CIT0028)^Feb to Apr 2012Influenza A(H1N1)pdm09CommunityMaharashtra30^c^/59Rathi et al.^[29](#CIT0029)^Nov 2013 to Jan 2014MeaslesUniversityKarnataka20^d^/20Gurav et al.^[30](#CIT0030)^July 2014JERegionWest Bengal106^c^/134Agrawal et al.^[31](#CIT0031)^Jan to Mar 2015Influenza A(H1N1)pdm09Tertiary care centerRajasthan44 pregnant or puerperal womenDas et al.^[33](#CIT0033)^Sep 2015 to Jan 2016DiphtheriaDistrictAssam5^e^ or 7^a^/10Meyers et al.^[34](#CIT0034)^Feb 2016 to Jan 2017VaricellaUniversityTamil Nadu77 students (≥17 years)Rakesh et al.^[32](#CIT0032)^Nov to Dec 2016Hepatitis ADistrictKerala201^d^/223Vaidya et al.^[35](#CIT0035)^Dec 2016 to Feb 2017VaricellaVillagesDadra and\
Nagar Haveli91^a^/149 suspected; 19^a^/31 confirmed^f^[^5][^6][^7][^8][^9][^10][^11]

Adult vaccination recommendations in India {#S0004}
==========================================

The only nationally recommended vaccine for adults is tetanus toxoid (TT) during pregnancy -- for the protection of newborns against tetanus; TT is also recommended at age 16 years.^[36](#CIT0036)^ However, it should be noted that this is in the process of being replaced by tetanus and diphtheria toxoid (Td).^[37](#CIT0037),[38](#CIT0038),[39](#CIT0039)^ Various Indian societies and associations have published vaccination guidelines for all adults,^[40](#CIT0040)-[42](#CIT0042)^ and for women^[43](#CIT0043),[44](#CIT0044)^ specifically ([Table 3](#T0003)). Although these guidelines have some similarities, there are also differences between them. Vaccination advice also depends on various, complex risk factors (e.g. chronic conditions, age, occupations, lifestyle) and vaccination/disease history. Given these discrepancies between the guidelines, it is not clear which vaccines healthy and at-risk adults should receive.10.1080/21645515.2019.1682842-T0003Table 3.Summary of adult vaccination recommendations in India.GuidelinesBased on API^[42](#CIT0042)^ and CDC^[45](#CIT0045)^ISN^[40](#CIT0040)^IMA^[41](#CIT0041)^FOGSI^[43](#CIT0043),[44](#CIT0044)^Diphtheria/tetanus/pertussisTdap once then Td 10-yearly; Tdap during each pregnancyTd 10-yearly to 65 years; 3 doses if not immunizedTdap 10--18 years (1 dose); Td 10-yearly; TT/Td early during pregnancy (2 doses); Tdap during third trimester of pregnancy (1 dose)TT/Td 10-yearly; TT/Td or Tdap during pregnancy; Tdap if age ≥65 years, unvaccinated, and close contact with infantMMR19--59 years (1 or 2 doses)^a^Unimmunized (1 dose)Adults (1 or 2 doses)^a^MMR for routine preconceptional/postnatal (pregnancy should be deferred for 3 months)InfluenzaYearly (1 dose); during pregnancy (1 dose)At risk, including during pregnancy (1 dose)^b^Yearly (1 dose); including pregnancyYearly; also during pregnancyPneumococcal≥65 years (1 dose); at risk^b^ (1 or 2 doses)≥65 years (1 dose); at risk^b^At risk^b^ (2 doses)--HPVWomen ≤26 years (3 doses); men ≤21 years^c^ (3 doses)9--26 years (2 or 3 doses)Females 9--14 years: 2 doses; 15--45 years: 3 doses9--26 years; next dose(s) should be deferred in case of pregnancyVaricella2 doses if no evidence of immunity (contraindicated during pregnancy)Nonimmune (2 doses)Adults (2 doses)^a^Preconception/postnatalHerpes zoster≥50 years (1 or 2 dose based on type of vaccine)^d^\>60 years (1 dose)----Hepatitis AAt risk^b^ (2 or 3 doses)At risk^b^ (2 doses)Adults (1 dose of live or 2 doses of inactivated)--Hepatitis BAt risk^b^ (3 doses)At risk^b^ (3 doses)Adults (3 doses)Preconception^e^ or at high risk during pregnancyMeningococcalAt risk^b^ (1 to 3 doses)At risk^b^ (1 or 2 doses)Adults (1 dose); At risk^b^ (2 doses)--HibAt risk^b^ (1 or 3 doses)At risk^b^ (1 dose)At risk^b^ (1 or 3 dose)--Typhoid1 dose PSV repeat 2 yearlyOutbreak or high-risk travelers (3 doses, repeat 3-yearly)≤18 years: TCV 1 dose;\
\>18 years: PSV 3 yearly--RabiesAt risk^b^ (3 or 4 doses)^b^At risk^b^ (3 doses)At risk^b^ (3 or 4 doses)--Cholera18--65 years (1 dose if traveling to endemic region)At risk^b^ (2 doses)At risk^b^ (2 doses)--JE2 doses; booster (in reexposure) if primary given \>1 year agoNo≤18 years (1 dose)--Yellow fever1 or 2 doses based on immune status--At risk^b^--Polio1 to 3 doses^a^Travel to polio endemic countries (1 or 3 doses)2 doses of IPV^a^--Rotavirus--No----[^12][^13][^14][^15][^16][^17]

Reasons for VPDs in adults {#S0005}
==========================

There are four main reasons why adults might be susceptible to outbreaks of VPDs ([Table 2](#T0002)): (1) lack of adult immunization; (2) waning immunity; (3) age-related factors (including immunosenescence); and (4) epidemiological shift.

Lack of adult vaccination {#S0005-S2001}
-------------------------

### Coverage {#S0005-S2001-S3001}

Adult vaccination coverage in India is generally believed to be poor,^[15](#CIT0015)^ but we were unable to find reliable estimates of adult immunization coverage in India in the literature. However, some data on HPV vaccination are available. For example, in a 2014 study of 155 female healthcare professionals in Bangalore, the majority of whom had good knowledge of -- and favorable attitudes toward -- vaccination and screening, none had received HPV vaccination.^[46](#CIT0046)^

### Barriers to adult vaccination {#S0005-S2001-S3002}

Various reported barriers to adult vaccination -- mainly from the US -- are shown in the red sections of [Figure 2](#F0002).^[12](#CIT0012),[47](#CIT0047)-[50](#CIT0050)^ While these barriers are likely also applicable to India, there are probably a number of additional barriers relating to socio-economic factors and religious/cultural beliefs, particularly in rural India. Disease surveillance amongst Indian adults is poor, resulting in under-recognition of outbreaks and a paucity of data on the real burden of VPDs in India.^[51](#CIT0051),[52](#CIT0052)^10.1080/21645515.2019.1682842-F0002Figure 2.Barriers to adult vaccination (red) and next steps (green).HCP, healthcare professional; VPD, vaccine preventable disease.

In India, there are various adult vaccination recommendations ([Table 3](#T0003)), but none has been nationally adopted and no systematic programs are in place to recommend, promote, or fund any of these schedules. The lack of a national commitment to improve adult vaccination has resulted in adult immunization being neglected and underpublicized. Further, over 2/3 of Indian adults are not aware of adult vaccination, many thinking that vaccines are only for children.^[53](#CIT0053)^ There is also a lack of infrastructure for adult immunization in India.

Even in countries where adult vaccines are nationally recommended, uptake remains suboptimal.^[54](#CIT0054)^ In the US, various age-specific vaccinations are recommended for adults.^[55](#CIT0055)^ However, survey data from 2015 indicate that uptake in the US only ranged from 23% (for tetanus+pertussis; previous 10 years) to 64% (for pneumococcal disease; ever; among those aged ≥65 years).^[56](#CIT0056)^ This is likely due to several factors, including "vaccine hesitancy", which can be caused by complacency (lack of perceived need), convenience (lack of accessibility or affordability), and confidence (lack of trust) (the "3Cs" model).^[57](#CIT0057)^ Recently, an additional "C" -- cultural acceptance -- has resulted in the "4Cs" model, because sociocultural, religious, psychological, and political factors can also affect vaccine uptake.^[47](#CIT0047),[58](#CIT0058),[59](#CIT0059)^

Yearly seasonal influenza vaccination is recommended in India in various guidelines.^[41](#CIT0041)-[43](#CIT0043)^ Guidelines also recommend influenza vaccination during pregnancy; and it is recommended by the Indian Society of Nephrology^[40](#CIT0040)^ for high-risk people, including healthcare workers ([Table 3](#T0003)). However, in a 2012--2013 study in Srinagar, 0/1,000 pregnant women and 9/90 obstetricians had received influenza vaccination, mainly due to poor knowledge about their availability and concerns about efficacy.^[60](#CIT0060)^

In an Indian interview study,^[61](#CIT0061)^ 95% of respondents thought that an H1N1 influenza vaccine would be effective, but only 25% were previously aware of pandemic influenza vaccines and only 8% received one during the 2009--2010 pandemic. Barriers to vaccination included a low perceived risk, access and cost issues, insufficient information, and the perceived lack of a government mandate.^[61](#CIT0061)^ Similarly, only 13% of 802 students reported receiving influenza H1N1 vaccination during the post-pandemic phase.^[62](#CIT0062)^ Most (74%) said that they would definitely/probably not get vaccinated in the future, because of low perceived risk (42%) and a lack of trust in vaccine efficacy (24%) and safety (21%).

Although HPV vaccination is recommended for girls aged 9--18 years^[63](#CIT0063)^ and for adults up to various ages ([Table 3](#T0003)),^[40](#CIT0040)-[44](#CIT0044)^ in a survey of 210 Indian physicians, only 47% knew that HPV vaccines were approved for use in India and only 30% said they would recommend HPV vaccination.^[64](#CIT0064)^ In a 2014 study of medical/paramedical students in a teaching hospital in India, only 7% had received HPV vaccination, and 49% of the unvaccinated students said that they would be unwilling to be vaccinated due to concerns about efficacy (30%), safety (26%), cost (22%), and low perceived risk (15%).^[65](#CIT0065)^

The cost of vaccination -- including purchase, distribution, storage, and administration costs -- can affect uptake. While childhood vaccinations included in India's Univeral Immunization Program are free of cost,^[36](#CIT0036)^ the cost of adult vaccinations (apart from TT/Td during pregnancy) is currently borne by the individual.

Waning immunity {#S0005-S2002}
---------------

It is well recognized that the immunity elicited by vaccines can wane over time, and that this effect is much more pronounced with vaccines against diseases caused by pathogens that have complex life cycles or antigenic variation (e.g. influenza, pertussis).^[66](#CIT0066)^ This decrease in immunity years after receipt of childhood vaccines can result in outbreaks or epidemics^[66](#CIT0066)^ ([Table 2](#T0002)).

Age-related factors {#S0005-S2003}
-------------------

Immunosenescence is a natural, progressive dysregulation and dysfunction of the innate and adaptive immune responses^[47](#CIT0047),[67](#CIT0067)^ (see orange line in [Figure 3](#F0003)). This is particularly relevant for older adults, and highlights the importance of vaccination in this age group.^[47](#CIT0047)^ However, immunosenescence can alter the efficacy of some vaccines,^[67](#CIT0067)^ so older adults may need different vaccines to younger adults.^[47](#CIT0047)^10.1080/21645515.2019.1682842-F0003Figure 3.How immune competence, risk of infectious disease, immunization programs, vaccine awareness, and vaccine coverage vary with age.

Various age-related conditions (e.g. obesity, chronic heart disease, stroke, diabetes, and chronic obstructive pulmonary disease) can increase the risk of VPDs and/or their complications (e.g. influenza, pneumococcal disease, and hepatitis B).^[55](#CIT0055),[68](#CIT0068),[69](#CIT0069)^ Worldwide, there is an aging population, with various associated healthcare needs and challenges.^[70](#CIT0070)-[72](#CIT0072)^ The population in India is also aging, with the proportion of people aged ≥15 years increasing from 68% in 2007 to 72% in 2017; and the proportion of adults aged ≥65 years increasing from 5% to 6%.^[6](#CIT0006)^ As the overall population ages, the burden of VPDs will likely increase.

It should also be noted that childhood immunization was only introduced in India in 1978,^[73](#CIT0073)^ so anyone aged \>41 years in 2019 would likely not have received any childhood vaccination. Further, vaccine coverage remained below 65% until 2014,^[74](#CIT0074)^ so many Indian adults aged \<41 years would also likely not have received childhood vaccinations. Adult vaccinations are even more important among these unimmunized adults.

Epidemiological shift {#S0005-S2004}
---------------------

Various VPDs that are normally contracted during infancy or childhood are now affecting older children and adults. This epidemiological shift could be due to increasing vaccine coverage among children. For example, in 2013--2014, there was a measles outbreak that affected 20 university students in Karnataka.^[29](#CIT0029)^ Similarly, an epidemiological shift in age at diagnosis has also been reported for mumps and rubella to adolescents and adults.^[75](#CIT0075)^ This is particularly important during pregnancy, as rubella infection at this time can result in congenital rubella syndrome, which is characterized by congenital organ malformations.^[76](#CIT0076)^ Another example is a shift in the age of acquisition of hepatitis A virus from childhood to adolescence and early adulthood, leading to increased symptomatology and risk of liver failure.^[77](#CIT0077)^ Widespread use of diphtheria-pertussis-tetanus vaccine in childhood has also been blamed for a rise in adult diphtheria and tetanus due to reduced natural boosting of immunity.^[78](#CIT0078)^

Steps to improve adult vaccination and overcome the barriers {#S0006}
============================================================

A 2012 report for the Organisation of Pharmaceutical Producers of India reported that stakeholders should "play a significant role in protecting the lives of children, adolescents and adults, through vaccination", but that the concept of adult vaccination in India is not established, with antibiotics or other treatments being used in adults in preference to vaccines.^[79](#CIT0079)^ This report had several recommendations that could help to improve adult vaccination, including improving awareness, incorporating adult vaccinations into regular checkups, and creating more affordable vaccine brands for adults (see green sections in [Figure 2](#F0002)).

A study from seven European countries reported that adult vaccination (as per local guidelines) was less costly than infant/childhood/adolescent vaccines.^[80](#CIT0080)^ Also, that adult vaccination costs would likely be lower (on a per-person lifetime basis) than other commonly used secondary preventive measures (e.g. lipid-lowering drugs, bisphosphonates, antihypertensives, antihyperglycemics, and antithrombotics).^[80](#CIT0080)^

Various studies support the cost-effectiveness adult vaccinations (with or without age or risk restrictions), but data are mainly from high-income countries.^[81](#CIT0081)-[84](#CIT0084)^ However, a recent study has estimated that introducing HPV vaccination among 10-year-old girls in India would cost US\$15 per woman reached, \$886 per cervical cancer case averted, and US\$1,239 per death averted (undiscounted costs).^[85](#CIT0085)^ Further investigation into the cost-effectiveness of adult vaccines in lower-middle income countries such as India would be beneficial.

Ways to improve adult vaccination coverage in India are shown in the green sections in [Figure 2](#F0002). Unfortunately, this will take time. Even if national guidelines for adult immunizations are adopted, promoting these guidelines and the importance of adult vaccination would require considerable effort. The inclusion of free adult vaccinations in the Universal Immunization Program would be the ultimate goal, but policymakers would have to ascertain which VPDs and which risk groups (e.g. older adults, pregnant women, healthcare professionals, patients with underlying diseases) to target initially.

Surveillance of VPDs {#S0006-S2001}
--------------------

Information on the adult burden of VPDs in India is lacking. Such knowledge of the Indian epidemiological profile would help in the assessment of public health needs and the impact of implementation of strategies.^[86](#CIT0086)^ Pilot initiatives to collect evidence on the VPD burden in adults could be a first step to providing useful insights into the current issues and possible solutions.

National guidelines {#S0006-S2002}
-------------------

National guidelines would likely be based on the recommendations in [Table 3](#T0003). They would have to take factors such as health status, age, risk factors, and vaccination history into account. [Table 4](#T0004) shows which vaccines are recommended for various groups of adults in the US;^[87](#CIT0087)^ a similar table could be compiled for India. National multidisciplinary coordination and leadership of adult and life-course immunization will be vital, particularly as adults tend to visit a variety of healthcare professionals.^[49](#CIT0049)^10.1080/21645515.2019.1682842-T0004Table 4.Summary of adult vaccination recommendations in the United States (US) by indication. Adapted from the Advisory Committee on Immunization Practices, with permission.^[87](#CIT0087)^![](khvi-16-04-1682842-i001.gif){#ILG0001}[^18][^19][^20]

Education {#S0006-S2003}
---------

Awareness of the benefits of adult vaccination should be promoted among healthcare professionals, along with distribution of new adult immunization guidelines. Campaigns to promote awareness among the public would also be required, perhaps using cartoons or comics to attract attention and curiosity, and to demystify vaccination.^[88](#CIT0088),[89](#CIT0089)^ As for current advice about a healthy diet and exercise, adult vaccination should be publicized on digital channels, at school, in the workplace, and in leisure facilities to help make them part of the social norm for a healthy lifestyle.

Pandemic influenza vaccination uptake in India has been reported to be higher among those who had seen information in the media.^[61](#CIT0061)^ Door-to-door delivery of pamphlets was also useful for people to know where to go to receive the vaccine.^[61](#CIT0061)^ In a study of Indian students, information about H1N1 influenza was more likely to have been received from the media (56%) or internet (41%) than from healthcare personnel (3%).^[62](#CIT0062)^ In a survey of parents in Mysore, willingness to accept HPV vaccination for their daughters was improved among those who knew that cervical cancer was serious and that HPV vaccination provided protection against cervical cancer, and those who perceived HPV vaccination to be safe.^[90](#CIT0090)^ These studies highlight the potential impact of education on vaccine uptake.

Healthcare workers can also contribute to increasing vaccination uptake by improving convenience, enhancing confidence, removing complacency, and being mindful of cultural acceptance (the "4Cs" model).^[47](#CIT0047)^ Provider recommendation and vaccination offer are key predictors of adult vaccination, but such recommendations are often not given,^[48](#CIT0048),[91](#CIT0091)^ hence providers should be encouraged to routinely assess their patient's vaccine needs.^[48](#CIT0048)^ This could also be improved by setting up provider reminders and vaccination standing orders; and reminders could also be provided to patients.^[48](#CIT0048)^

Life-course immunization {#S0006-S2004}
------------------------

According to the WHO, a "life-course approach to health encompasses strategies across individuals' lives that optimize their functional ability, thereby enabling well-being and the realization of rights".^[92](#CIT0092)^ This involves looking at healthcare as a continuum through life -- a dynamic and interconnected process -- as opposed to rigid life stages.^[93](#CIT0093)^ "Life-course immunization" focusses on the extension of vaccination from birth through childhood, adolescence, adulthood, and into older age.^[47](#CIT0047),[94](#CIT0094)^ This can involve catch-up vaccinations for those not immunized at the recommended ages and/or booster doses to address waning immunity.^[47](#CIT0047),[94](#CIT0094)^ [Figure 3](#F0003) shows how the immune system improves from birth to adulthood and then declines with older age (orange line), with a concomitant decrease and then rise in the risk of infectious disease (blue line). This highlights the importance of vaccination for older adults, who become increasingly likely to have immunosenescence.^[47](#CIT0047)^

Conclusions {#S0007}
===========

We fear that, if not addressed, the burden of infectious disease is likely to have far-reaching devastating effects on humanity, especially with the increase in antibiotic resistance. The creation of awareness and public education are not sufficient to bring infectious diseases under control unless they are supported by clear recommendations. We believe that efforts should focus on VPDs, as there is already an available solution to this problem. All stakeholders -- including experts (researchers) and policy makers (politicians and health professionals) -- should come together and ensure that the necessary steps are undertaken.

"Life-course immunization" has been adopted in many countries, as adult vaccination is an important contributor to healthy living. However, adult vaccination coverage in India is currently negligible,^[15](#CIT0015)^ due to a lack of national guidelines and perceived need. This failure to immunize adults -- particularly those with chronic conditions -- can leave them vulnerable to infection and at increased risk of complications. Improving adult vaccination coverage in India, particularly among older adults, could help to reduce the burden of disease among those with chronic conditions by reducing hospital admissions, health costs, and mortality rates, and improving quality of life.
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[^1]: CRS, congenital rubella syndrome; JE, Japanese encephalitis; NFHS, National Family Health Survey; NR, not reported; TT, tetanus toxoid; US, United States; VPD, vaccine-preventable disease; WHO, World Health Organization.

[^2]: ^a^India is home to 18% of the world's population.^[1](#CIT0001)^

[^3]: ^b^Calculated based on reported cases^[17](#CIT0017)^ and reported populations.^[1](#CIT0001)^

[^4]: ^c^VPD cases data were not available for some countries, but the whole world population was used, so the world values are likely underestimated relative to the single country values.

[^5]: ^a^Adults defined as ≥15 years old.

[^6]: ^b^Adults defined as ≥21 years old.

[^7]: ^c^Adults defined as ≥20 years old.

[^8]: ^d^Adults defined as ≥16 years old.

[^9]: ^e^Adults defined as ≥18 years old.

[^10]: ^f^Only 37/149 suspected cases were tested, of which 31 (84%) were confirmed varicella.

[^11]: JE, Japanese encephalitis; VPD, vaccine-preventable disease.

[^12]: ^a^Based on vaccination history.

[^13]: ^b^The definitions of "at risk" vary by guideline and by vaccine, but include factors such as chronic health conditions, age, occupations (e.g. healthcare workers, veterinarians), lifestyles (e.g. illicit drug users, men who have sex with men), after exposure, times of epidemic, and lack of prior vaccination.

[^14]: ^c^ ≤ 26 years if they have sex with men.

[^15]: ^d^CDC does not recommend the use of Zostavax among those aged 50--59 years.

[^16]: ^e^Schedule completed before conception, usually 3 months prior to conception.

[^17]: API, Association of Physicians of India; CDC, Centers for Disease Control and Prevention; FOGSI, Federation of Obstetric & Gynecological Societies of India; Hib, *Haemophilus influenzae* b; HPV, human papillomavirus; IMA, Indian Medical Association; ISN, Indian Society of Nephrology; JE, Japanese encephalitis; MMR, measles, mumps, rubella; PSV, Polysaccharride vaccine; TCV, Typhoid conjugate vaccine; Td, tetanus, diphtheria; Tdap, tetanus, diphtheria, acellular pertussis; TT, tetanus toxoid; US, United States.

[^18]: ^a^Precaution for LAIV does not apply to alcoholism.

[^19]: ^b^See notes on Centers for Disease Control and Prevention website for influenza, hepatitis B, MMR, and varicella.^[87](#CIT0087)^

[^20]: CD4, cluster of differentiation 4-presenting immune cells; Hib, *Haemophilus influenzae* b; HIV, human immunodeficiency virus; HPV, human papillomavirus; HSCT, hematopoietic stem cell transplantation; IIV, inactivated influenza vaccine; LAIV, live attenuated influenza vaccine; MenACWY, meningococcal A, C, W, Y; Men B, meningococcal B; MMR, measles, mumps, rubella; PCV13, 13-valent pneumococcal conjugate vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine; RIV, recombinant influenza vaccine; RZV, recombinant zoster vaccine; Td, tetanus, diphtheria; Tdap, tetanus, diphtheria, acellular pertussis; US, United States; y, years; ZVL, zoster vaccine live.

    ^c^Immunocompromized.
